Distinguishing the roles of the two different cGMP-binding sites for modulating phosphorylation of exogenous substrate (heterophosphorylation) and autophosphorylation of cGMP-dependent protein kinase.
The role of each of the two different cGMP-binding sites (referred to as slow and fast sites) of type I cGMP-dependent protein kinase (PKG) in altering the rate of catalysis of phosphorylation of exogenous substrates (heterophosphorylation) or the rate of autophosphorylation has not been resolved. In the present study, the cGMP concentration required for half-maximal activation (A(50)) of wild-type PKG type Ibeta (WT) was 5-fold higher for heterophosphorylation than for autophosphorylation. cGMP occupation of the slow site was associated with an increase in the autophosphorylation rate, whereas occupation of the fast and slow site together was associated with a decrease in the autophosphorylation rate compared with the rate observed with occupation of the slow site alone. The contributions of each cGMP-binding site were investigated using PKG mutants containing substitutions of an invariant threonine residue that is critical for high affinity cGMP-binding in each site. Site-directed mutagenesis of Thr-317 of the fast site (T317A) increased the cGMP A(50) for heterophosphorylation 4-fold at 30 degrees C, with nominal effect on cGMP A(50) for autophosphorylation compared with WT. The analogous slow site mutation (T193A) increased the cGMP A(50) for heterophosphorylation and autophosphorylation 32- and 64-fold, respectively. Compared with WT, the cGMP A(50) of the double mutant (T193A/T317A) for heterophosphorylation was increased 300-fold, whereas the cGMP A(50) for autophosphorylation was similar to that of T193A. Thus, occupation of both cGMP-binding sites of PKG is required for maximal stimulation of heterophosphorylation, whereas occupation of the slow site alone is sufficient for stimulation of the rate of autophosphorylation, and additional occupation of the fast site reduces this rate.